Abstract: This paper reports a solvent-free methodology developed for synthesis of vicinal dibromo compounds using cetyltrimethylammonium tribromide (CTMATB). Reactions were conducted in a hot air oven and under microwave conditions. Results reveal that CTMATB allows facile solventfree brominations with ease, affording good product yields in short reaction times.
Introduction
Due to the increasing environmental legislations, reaction processes are being subjected to close scrutiny and it has become important to limit or avoid the use of all detrimental chemicals as far as possible. Therefore, development of environmentally benign reaction pathways has become quite relevant as an area of research.
As far as bromination chemistry is concerned, studies on the efficacy of different brominating agents have assumed importance because several bromo organic compounds are found to have pharmaceutical importance [1] [2] [3] . Moreover, bromo compounds are important as intermediates in synthesis of organometallic compounds, in transition metal coupling reactions and as intermediates in various other organic transformations [4] [5] [6] . In this regard the quaternary ammonium tribromides (QATB) have become quite popular as reagents [7] [8] [9] [10] [11] [12] [13] [14] [15] . Our experience with QATB reagents reveal that these reagents are easy to handle, have prolonged shelf-life, maintain desired stoichiometry and are very versatile, capable of allowing a variety of organic transformations. Among the different tribromide reagents, tetrabutylammonium tribromide (TBATB) has proved to be a very efficient reagent, working well even under solvent-free conditions [16] [17] . But, though TBATB has been extensively studied, another very promising reagent, which could have even higher versatility is cetyltrimethylammonium tribromide (CTMATB). Initial studies on CTMATB have already
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proved its efficiency 15, [18] [19] [20] [21] , and also its ability to work under solvent-free conditions 22 . Thus what was now desired was to study the efficacy of CTMATB as brominating reagent in the synthesis of certain chemically relevant compounds. Accordingly solvent-free bromination reactions of alkenes and -unsaturated carbonyl compounds using cetyltrimethyl ammonium tribromide (CTMATB) as reagent were carried out in a hot air oven and under microwave conditions, and the results obtained are now presented in this paper.
Experimental
All reagents of highest purity were purchased from commercial sources and used without further purification. Organic extracts were dried over anhydrous sodium sulphate. Solvents were removed in a rotary evaporator under reduced pressure. Silica gel (60-120 mesh size) was used for the column chromatography. Reactions were monitored by TLC on silica gel 60 F254 (0.25 mm). Melting points were determined in open capillaries and are uncorrected. NMR spectra were recorded in CDCl 3 or DMSO-d 6 with tetra methyl silane as the internal standard for 1 H NMR (400 MHz) and CDCl3 or DMSO-d6 solvents as internal standard for 13 C NMR (100 MHz). IR spectra were recorded in KBr as neat sample. CTMATB was prepared by an established method and its purity checked by measurement of melting point and also by UV/VIS spectroscopy 15 .
Procedure for solvent-free bromination reactions in hot air oven
2 mmol of the chosen substrate and CTMATB (2 mmol) were taken in the ratio 1:1 on a petridish. The reaction mixture was mixed thoroughly. The petridish containing the reaction mixture was then placed in a hot air oven maintaining a pre-controlled temperature of 60±5 o C. The progress of the reaction was monitored through thin layer chromatographic technique. When TLC detected no further change in reaction profile, the reaction mixture was diluted with 30 mL ethyl acetate and filtered through a small pad of silica gel to remove the spent reagent. The crude product thus obtained was subjected to column chromatography by using ethyl-acetate -hexane solvent system (volume ration varied for different substrate) to afford the pure product ( Table 2 ). The products were identified by comparison of their TLC profiles with those of authentic samples and then by comparison of IR and NMR spectra.
Procedure for bromination reactions under microwave conditions
A homogeneous mixture of substrate and reagent in the ratio 1:1 was taken in a 50 mL round bottomed flask. The reaction mixture was mixed thoroughly. The neck of the flask was covered with a small funnel to prevent the spreading of reaction mixture. The reaction mixture was then placed inside the microwave monomode reactor. The reactor was switched on with a controlled power P-40 with corresponding temp. 90 o C. The progress of reaction was monitored as usual by thin layer chromatography on silica gel F 254 by using ethylacetate-hexane solvent system (volume ratio varied for different substrate) and the procedure was led to completion in the same manner as the reaction conducted in hot air oven.
Results and Discussion
Bromination by CTMATB in acetonitrile solvent has been earlier studied to test the efficacy of the reagent as brominating agent 19, 20 . In the context of bromination of -unsaturated carbonyl compounds it was found that though the product yield was good, but the time taken for the reactions was quite long as is evident from Table 1 . The results obtained during the solvent-free bromination reactions in hot air oven and microwave reactor are presented in Table 2 . Both the methodologies were versatile but solvent-free microwave reactions were found to be more advantageous in terms of time requirements. It was observed that using both methodologies, compounds such as cyclohexene (1), vinyl benzene (2), and 1,1-diphenylethene (3) containing ethylenic functionality were easily brominated to corresponding trans-dibromo compounds. Efficacies of the methodologies were demonstrated by carrying out bromination of -unsaturated ketones (substrates 4 to 9). All substrates gave exclusively corresponding erythro-dibromo products. Using dibenzylidine acetone (8) it was observed that it was possible to achieve chemoselective bromination of one double bond in a substrate containing two symmetrical double bonds. Cinnamaldehyde diacylate (9) gave corresponding erythro-dibromo product in excellent yield without affecting the acylal functionality under the described conditions. 
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Conclusion
Methods for facile and regiospecific solvent-free bromination reactions of alkenes and -unsaturated carbonyl compounds was discussed, using cetyltrimethylammonium tribromide (CTMATB) as reagent. According to the results obtained, the reactions were easily possible in both microwave reactors as well as in hot-air oven and identical products were formed under both reaction conditions. However, comparing between the two methodologies, it was clearly obvious that reactions in microwave reactor are advantageous in terms of time.
